Metabolic disorders occurring in menopause, including dyslipidemia, disorders of carbohydrate metabolism (impaired glucose tolerance -IGT, type 2 diabetes mellitus -T2DM) or components of metabolic syndrome, constitute risk factors for cardiovascular disease in women. A key role could be played here by hyperinsulinemia, insulin resistance and visceral obesity, all contributing to dyslipidemia, oxidative stress, inflammation, alter coagulation and atherosclerosis observed during the menopausal period. Undiagnosed and untreated, metabolic disorders may adversely affect the length and quality of women's life. Prevention and treatment preceded by early diagnosis should be the main goal for the physicians involved in menopausal care. This article represents a short review of the current knowledge concerning metabolic disorders (e.g. obesity, polycystic ovary syndrome or thyroid diseases) in menopause, including the role of a tailored menopausal hormone therapy (HT). According to current data, HT is not recommend as a preventive strategy for metabolic disorders in menopause. Nevertheless, as part of a comprehensive strategy to prevent chronic diseases after menopause, menopausal hormone therapy, particularly estrogen therapy may be considered (after balancing benefits/risks and excluding women with absolute contraindications to this therapy). Life-style modifications, with moderate physical activity and healthy diet at the forefront, should be still the first choice recommendation for all patients with menopausal metabolic abnormalities.
Introduction
Beginning in the sixth decade of life, many chronic diseases begin to emerge, affecting both the quality and quantity of a woman's life. Depletion of sex steroid hormones is an important consequence of normal ageing and gonadal failure potentially increasing vulnerability to disease in hormone-responsive tissues, including the brain, bone and the cardiovascular system [1] . When women progress to hormonal menopause (follicle-stimulating hormone [FSH] > 30 IU/l, estradiol [E 2 ] < 30 pg/ ml, FSH/luteinizing hormone [LH] > 1), primarily in the state of absolute hypoestrogenism and subject to progressive ageing, the most characteristic complaints in menopause include vasomotor symptoms such as hot flashes and night sweats, urogenital atrophy, osteopenia and osteoporosis, psychiatric disorders, sexual dysfunction, skin lesions, cardiovascular disease, cancer, and finally, metabolic disorders and obesity. All of these adversely affect women's quality of life [1, 2] .
The most common metabolic disorders in menopause include dyslipidemia, impaired glucose tolerance, insulin resistance, hyperinsulinemia, and type 2 diabetes (T2DM).
Lipid metabolism disorders
The decline in estradiol following the menopausal transition leaves the vasculature vulnerable to cardiovascular disease (CVD) risk factors, such as lipids [3] . Dyslipidemia in menopause is characterized by an increase in low-density lipoprotein (LDL) levels and a decline in high-density lipoprotein (HDL) levels [4] . In the Healthy Women Study, total and LDL cholesterol increased and HDL and HDL 2 cholesterol declined among premenopausal women who had ceased menstruating for at least 1 year compared to age-matched premenopausal women who continued menstruating [5] . Interestingly, both the Los Angeles Atherosclerosis Study and the SWAN Heart Women demonstrated that the antiatherogenic effect of HDL diminishes in women around the age of menopause [6] and it was suggested that it is possibly related to changes in the lipoprotein subclass profile observed during the menopausal transition [7] . These changes have a clear negative impact on the cardiovascular system, accelerating the development of atherosclerosis.
In addition, Yazdani et al. demonstrated that in 31 women within 6 months from hysterectomy and bilat-eral salpingo-oophorectomy, triglycerides (TG), total cholesterol, and LDL had significantly increased and HDL slightly increased but without any significant difference [8] . The study by Kabir et al. compared 30 women with normal and surgical menopause and showed that TG was higher and the LDL cholesterol was lower in the surgical group [9] . A similar study was performed by Tuna et al. in two groups of 50 subjects each, demonstrating lower HDL and higher very low density lipoprotein (VLDL) cholesterols in the surgical group [10] .
It is widely recognized that the use of hormone therapy (HT) has a beneficial effect on lipids, reversing the changes mentioned above. This was confirmed by this year's meta-analysis (comprising 16 randomized, placebo-controlled research studies conducted in 1997-2011; 17 971 cases were included), demonstrating that combined estrogen replacement therapy (ERT) dramatically reduced plasma total cholesterol and LDL. However, there was a slight increase in HDL levels as compared with placebo control [11] .
Disorders of carbohydrate metabolism
Menopause should represent a period of increased 'diabetes vigilance' as a number of common symptoms reported by women in menopause such as a change in body weight (a significant increase or loss), polyuria, recurrent urogenital inflammation, fatigue, weakness, irritability, blurred vision, thirst, increased appetite, sexual dysfunction could point not to climacteric syndromes, but to carbohydrate disorder in the form of non-insulin-dependent T2DM [12] .
Some report suggest that in some women, the estrogen deficiency that occurs after menopause could represent a fundamental step in the process of diabetogenesis [13] . Furthermore, ageing per se is associated with an increased risk of non-insulin-dependent T2DM [14] . Other risk factors for T2DM in menopause include obesity, low physical activity, poor diet, smoking, alcohol (in excess) and certain medications. Furthermore, the impaired metabolism of vitamin D 3 and calcium deficiency (distinctive in postmenopause) translate into an increased risk of both types of diabetes -type 1 diabetes mellitus (T1DM) and T2DM [15] .
In postmenopausal women, endogenous bioavailable testosterone has been positively associated, and sex hormone-binding globulin (SHBG) has been negatively associated, with incident T2DM. Furthermore, circulating SHBG concentrations are inversely correlated with insulin resistance, and according to the Women's Health Study, a low level of SHBG is a strong predictor of T2DM in women [16, 17] .
Although no HT product has a regulatory agency's approval to prevent DM, large randomized controlled trials (RCTs) demonstrate that HT reduces the new onset of T2DM.
The Heart and Estrogen/progestin Replacement Study (HERS) and Women's Health Initiative (WHI) studies showed a 35% and 21%, respectively, reduction in the incidence of T2DM during HT [18, 19] . This observation provides important insights into the metabolic effects of postmenopausal hormones. These results are supported by a new meta-analysis, which demonstrated that women with combined ERT have significantly lower levels of fasting plasma glucose and hemoglobin A 1c (HbA 1c ) compared with placebo [11] .
Polycystic ovary syndrome and postmenopause
The available research suggests that hyperandrogenism featuring women with polycystic ovary syndrome (PCOS) during their reproductive life persists also after menopause. Enhanced androgen production, assessed by total T concentrations, persists in postmenopausal women with ultrasonographic evidence of polycystic ovaries alone [20] . Adrenal androgens in PCOS remain high until menopause, whereas adrenal hyperandrogenism is not well documented in postmenopausal women with PCOS [21] .
Postmenopausal women with PCOS have a higher free androgen index but lower FSH and SHBG than controls. Schmidt et al. reported also that menopausal age, body weight, body mass index (BMI), waist to hip ratio, LH, prolactin, androstenedione, dehydroepiandrosterone sulfate, total testosterone, estradiol, and estrone were similar in PCOS and controls. Interestingly, women with PCOS reported hirsutism more frequently but had fewer climacteric symptoms and hypothyroidism than controls [22] .
Furthermore, in another cross-sectional, universitybased hospital study by Puurunen et al., it was found that impaired glucose tolerance, enhanced ovarian androgen secretion and chronic inflammation observed in premenopausal women with PCOS persists after the menopausal transition [23] .
Markopoulos et al. demonstrated that early postmenopausal PCOS women are characterized by hyperinsulinemia but with attenuated insulin resistance. Polycystic ovary syndrome women also had higher high-sensitivity C-reactive protein (hs-CRP), androgen and free androgen indices (FAI) levels than controls. Interestingly, in this study PCOS status and waist circumference were predictors of hyperinsulinemia while insulin sensitivity correlated negatively with FAI. The differences reported in adipocytokine levels between PCOS and non-PCOS women in reproductive years seem to disappear after menopause [24] . The observed insulin resistance could account for adverse health effects, such as diabetes and hypertension.
The prevalence of impaired glucose tolerance (IGT) and/or of T2DM in women with PCOS is estimated at around 40% [25] . Danish researchers argue that the concentration of glycated hemoglobin (HbA 1c ≥ 6.5%) may be a better marker of the cardiovascular risk than the glucose level in patients with PCOS [26] .
Obesity, an inherent element of the Stein-Leventhal syndrome is observed in 50-60% of women with PCOS [27] .
It is assumed that obesity, particular of visceral origin, insulin resistance (and T2DM), and persisting high androgen levels through the menopause, obesity and maturity onset diabetes mellitus in postmenopausal PCOS patients are proposed as the main mechanisms accounting for an unfavorable metabolic profile possessing at increased risk for cardiovascular events later in life. In addition to CVD risk factors, PCOS is also associated with early subclinical arterial disease. Even young women with PCOS have already increased intima-media thickness (IMT), evidence of arterial stiffness and signs of endothelial dysfunction [28] .
At menopause, a woman with PCOS is likely to have had multiple cardiac risk factors for several decades and therefore is at risk of developing heart diseases. Thus, postmenopausal women with a history of PCOS, especially those with established diabetes and/or dyslipidemia, should be considered at high risk of the development of clinical cardiac diseases and therefore at increased risk of death later in life [29] .
However, a prospective Swedish study demonstrated that although women with PCOS have an increased prevalence of hypertension and higher triglyceride levels, the incidence of myocardial infarction, stroke, diabetes, cancer and mortality prevalence was similar in the two cohorts with similar BMI. Therefore, the welldescribed cardiovascular/metabolic risk profile in preand perimenopausal PCOS women does not entail an evident increase in cardiovascular events during the postmenopausal period [30] .
Metabolic syndrome (MetS) and PCOS appear to be interrelated, although they are distinct entities. Women with PCOS appear to be commonly affected by MetS, while women with MetS may display reproductive or endocrine features of PCOS. These clinical observations appear to be only partly attributable to the association of both syndromes with obesity and imply a reciprocal pathophysiologic relationship between PCOS and MetS leading to potentially significant clinical consequences [31, 32] .
The presence of PCOS entangles the natural course of menopause, negatively affecting women's quality of life (quality of life -QoL). This is confirmed by reports of the working ESHRE/ASRM group, which demonstrated that women with PCOS are an at-risk group for psychological and behavioral disorders and reduced QoL, including an increased risk of mental disorders (anxiety, depression), eating disorders or sexual dysfunction [33] .
Obesity
After menopause the incidence of obesity increases, including visceral (android) obesity. Such fat distribution fosters the occurrence of a number of metabolic disorders, including fully manifested metabolic syndrome, and enhances the development of atherosclerosis. Unfortunately, in Poland up to 2/3 of menopausal women are overweight or obese [34] .
Toth et al. reported that postmenopausal women had greater amounts of whole body and intra-abdominal fat compared with premenopausal women. Plasma glycerol levels remained similar after statistical adjustment for fat mass, fat percentage, and intra-abdominal fat. Moreover, no differences in plasma glycerol were observed in pre-and postmenopausal women matched for fat mass or intra-abdominal fat. Their results suggested no effect of the menopausal status on plasma glycerol levels under postabsorptive or hyperinsulinemic conditions [35] .
The comparison of patients with normal BMI and those with high BMI showed that high BMI (> 30 kg/m 2 ) had a significant negative effect on blood pressure (as evidenced by the increased frequency of hypertension in overweight and obese patients) that it also negatively and significantly affected triglyceride and fasting glucose levels, and that it was linked significantly to low levels of HDL-C, therefore with CVD risk factors [36] .
Intra-abdominal fat cells produce a number of substances with an impact on inflammatory responses, insulin resistance and an increased risk of cardiovascular diseases. Some molecules, directly synthesized by adipocytes are called "adipokines". These include adipocytokines, such as leptin, adiponectin, resistin, ghrelin. They control energy balance and appetite, and influence insulin sensitivity via endocrine mechanisms, they also modulate adipocyte size/number and angiogenesis via paracrine mechanisms, thus exerting a major role in the regulation of fat mass [37] . Furthermore, they can also exert a role in the control of blood pressure, lipoprotein metabolism, coagulation, immunity and inflammation [38, 39] .
Menopausal women are characterized by elevated levels of leptin and resistin and decreased levels of adiponectin and ghrelin ('high' leptin together with 'low' adiponectin show a positive correlation with insulin resistance markers). In postmenopause, excess fat will also result in an increased production of endogenous estrogen, resulting from occurring in situ extra glandular aromatization (androstenedione see: estrone) [40] .
Metabolic syndrome
The prevalence of MetS differs greatly in different populations. Amongst pre-and postmenopausal women it ranges from 13.8% to more than 60.0% [41] . Weight gain and obesity largely drive the increased prevalence of MetS in postmenopausal women [42] . Menopausal transition is associated with significant weight gain (2 to 2.5 kg over 3 years on average).
Concomitantly, there is an increase in abdominal adiposity and a decrease in energy expenditure [43] . Thus, such phenomena have been postulated to explain the higher risk of metabolic syndrome and increases in cholesterol and triglycerides and therefore menopause is considered a predictor of MetS, independent of women's age [44] . Other risk factors for MetS include menarche age. Menarche age showed a 'U' shaped relationship with MetS and oligomenorrhea in adulthood. Late menarche and early menarche are risk factors for adult oligomenorrhea, MetS, and cardiometabolic abnormalities. Therefore, girls with early (≤ 10 age) and with late menarche (≥ 16) represent a group at high risk of adult cardiometabolic abnormalities and oligomenorrhea [45] . Also, in another study, irregular menses had been correlated with elevated levels of triglycerides and obesity [46] .
Hyperinsulinemia, insulin resistance and (particularly visceral adiposity) obesity are the main features of MetS, found in many postmenopausal women. The simultaneous occurrence of insulin resistance and obesity is the most detrimental for metabolic health, and is also associated with increased oxidative stress, inflammatory and prothrombotic processes as well as with postmenopausal alterations in adipocytokine production [47] .
In a cross-sectional study of postmenopausal women, the mean of age, BMI, weight and the mean levels of testosterone were higher and SHBG was lower in women with MetS. The correlation between SHBG and testosterone among women was particularly strong [48] .
Chedraui et al. demonstrated that MetS women displayed significantly higher levels of adipsin, leptin, resistin, insulin and homeostasis model assessmentestimated insulin resistance (HOMA-IR) values and lower adiponectin levels. These differences were mainly observed among women with abdominal obesity, independent of fulfilling MetS criteria or not. In this same sense, lower adiponectin levels significantly related to low HDL-C and high triglyceride levels; and higher insulin and HOMA-IR values related to high triglyceride and glucose levels, respectively [49] . In another paper, Chedraui et al. reported that postmenopausal women with MetS showed higher interleukin 6 (IL-6) (inflammation) and lower urokinase-type plasminogen activator (uPA) levels (endothelial dysfunction). Moreover, IL-6 levels were higher among women with abdominal obesity, low HDL-C and high triglyceride levels. Women with low HDL-C and high triglyceride levels presented significantly lower uPA levels. These were mainly related to metabolic and lipid abnormalities [50] .
Female sexual dysfunction is a prevalent and multidimensional disorder related to many biological, psychological, and social determinants. It was also shown that the incidence of MetS in pre-and postmenopausal women adversely affects their sexuality. The authors of the study used the Female Sexual Function Index to assess women's sexual function. Female sexual dysfunction was found more often in both pre-and postmenopausal women with metabolic syndrome. The Overall Female Sexual Function Index score and satisfaction, pain, and desire domain scores independently of the menopause status showed statistically significant differences across women with metabolic syndrome in comparison to participants with no metabolic syndrome. This study clearly showed that sexual dysfunction is more prevalent in pre-and postmenopausal women with metabolic syndrome [51] .
The use of HT is beneficial overall for reducing many of the parameters of MetS. According to Lobo, in MetS, transdermal therapy may be preferable to oral therapy, when given in standard doses. Women with MetS have elevations in several inflammation and coagulation factors. Both oral and transdermal HT reduce inflammation markers except for levels of CRP and matrix metallopeptidase 9 (MMP-9), which increase with oral therapy, but are unaffected by the transdermal route. The beneficial effects of HT on lipids occur in postmenopausal women with and without MetS, although the changes in the latter were minimal. Blood pressure was not affected by HT in women with MetS [42] .
Furthermore, the use of oral estrogen therapy (ET) in a group of postmenopausal women with MetS increases the levels of leptin and resistin and decreases the levels of ghrelin. Transdermal ET increases the levels of adiponectin and decreases the levels of ghrelin. This confirms the more beneficial effect of the transdermal route (compared to the oral route), on the MetS parameters in postmenopausal women [52] .
Thyroid diseases
The relatively few studies on the relationship between menopause and thyroid functions do not allow to clarify whether menopause has an effect on the thyroid regardless of the ageing process. With ageing, the main changes regarding thyroid physiology and function are: a reduction of thyroid iodine uptake, free thyroxine and free triiodothyronine synthesis and catabolism of free thyroxine while reverse triiodothyronine increases; the level of thyroid stimulating hormone remains normal with occasionally a tendency to higher limits [53] .
Thyroid status does not influence significantly the climacteric syndrome; however menopause may modify the clinical expression of some thyroid diseases, particularly the autoimmune ones. Though the thyroid function is not directly involved in the pathogenesis of menopausal complications but coronary atherosclero-sis and osteoporosis may be aggravated in the presence of hyperthyroidism or hypothyroidism [54] .
It is of note that both menopause and thyroid disease may manifest in a similar manner. Thus, for example hot flashes, sweating, heart palpitations, insomnia, irritability, or mood swings occur in the case of hyperthyroidism, whereas weight gain, constipation, skin atrophy, hair fragility may be symptoms of hypothyroidism [55] . This may cause problems in differential diagnosis on the line vasomotor symptoms-thyroid disorders, especially when menopausal women complain of an increase in body weight, fatigue and mood swings.
In the case of hormonal treatment in women with hypothyroidism the effect of estrogen on the thyroid (an increase in thyroxine binding globulin) should be considered. However, the co-occurrence of thyroid disease should not affect the decision to initiate HT, and the treatment must be conducted according to generally accepted standards [56] .
Treatment
The above mentioned menopausal disorders have a negative impact on the quality and length of women's life. Therefore, the management strategy in menopausal women should primarily focus on preventive measures, not only on pharmaceutical treatment. First of all, certain lifestyle modifications should be recommended, including (1) moderate physical activity (at least 30 minutes of moderate exercise at least three times a week, optionally in combination with two exercise sessions with load); (2) 'healthy' diet, for example, < 5 g of salt per day (British Hypertension Society guidelines), less than 300 mg of cholesterol/day, 1 g of calcium and 800 IU of vitamin D 3 per day, which could be achieved, inter alia, by reducing fat intake (including saturated fats) and carbohydrates intake (including sugars), increased consumption of fruit, vegetables and marine fish, (3) giving up smoking and alcohol, and (4) intellectual activity. Such measures should lead to body weight normalization aiming at BMI levels below 25 kg/m 2 . Obviously, such a course of action could prove to be inadequate and additional pharmacological treatment of insulin resistance, obesity, dyslipidemia or hypertension could be required [57] .
According to the current data, HT is not recommended as a prevention strategy for metabolic disorders in menopause. However, as part of a comprehensive strategy to prevent chronic disease after menopause, menopausal HT, particularly ET may be considered as part of the armamentarium [58] .
The choice of a specific therapy should always be aligned with a particular patient and adapted to her condition and health needs, which might require consultation and further management by a range of medical professionals.
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